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PHENO 2008 SsYMPOSIUM

LFHC Turn Onv

« TeVatron status

* Physics Processes and their signatures:

— from simple objects to complex final states

* leptons-only final states (and isolated
tracks)

* ... + Missing Energy and Photons
e ...+ Jets and heavy flavors

— Specific model testing and global searches

photon

 Final remarks and conclusions

antiproton




TeVatron Status
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The TeVatron is doing very well!
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Signhatures and Physics Objects

Physics Objects
— Tracks

— Jets

— Electron
— Photons
— Neutrinos
— Muons

Detector Components

— Tracking system
» Large drift chambers

* Precise Silicon
detectors

— Calorimeters
— Muon Chambers

We study physics processes
organizing them by their signature

= Leptons-only final states

=... + Missing Energy and Photons

Wealth of models and exotic processes

Need accurate understanding of
detector effects

=... + Jets and heavy flavors

= More complex signatures
= Maintaining high S/v B



Leptons,Photons and MET g
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Searches in dilepton final states =™

Old fashion mass bump hunt..

Z production and decay into ee/uu is precisely
measured at the TeVatron (standard candles)
Lepton ID/Reco and Trigger efficiencies are high and
very well understood

Background is low and easily determined (QCD fakes)
Clean events

CDF Run II Preliminary

L =2.5f!
—=—data
[ ]Drell-Yan

NQcCD

At CDF the dielectron mass spectrum is

=1 scanned in search for excesses in above 150
T GeVie?

The largest discrepancy shown by an unbinned maximum
likelihood ratio is 3.8c in the range 228 — 250 GeV

* 0.6% probability of seeing this size discrepancy in the
range 150-1000 GeV

10500 200 300 400 500 600 700 800 900 1000
Miee) (GeVic)



Testing different models

PHENO 2008 SsYMPOSIUM

LFHC Tuwrn On

Simona Rolli - Tufts University

Once the data spectrum is well understood in terms of SM background, from MC, the
acceptances for resonant states for different spin particles are derived (Z’, RS Graviton)

and the expected number of BSM events is calculated.

In the absence of an excess of data, 95% CL limits on production cross-sections and
mass of the particles are set.

CDF Run II Preliminary
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Tau final states

Ditaus final states are selected where
«One tau decays leptonically: e/u (CDF) u (D@) (plus v’s)
epr > 10 GeV/c (CDF), pr > 15 GeV/c (DQ)
-Other tau hadronic (and v,)
-One or three tracks (£q,, = 1), opposite to lepton
-CDF : isolation 30°, shrinking T cone (10° — 3°)
-D@ : three types (n*, n*n®, 3-prong), NN score

*No electron veto (allows eu)

-pr > 15 GeV/c (1-prong), 20 GeV/c (3-prong)

m,, [GeVic?]
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MSSM Higgs ¢ — Tt
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In the MSSM framework the

Higgs neutral sector

simplifies at high tanp
A and h/H become

degenerate

300

/

50l /// tanfp= pe2 h

10
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Other scalar SM-like, low
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cross section

Only

300

need to search for a

single mass peak (¢)

For the A and its twin h/H, at
high tanf decays into bb
(90%) and vt (10%) dominate
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« No excess in e/u + 1,4 channel 9
(slight excess for CDF in 2007)
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At DO the results are similar

95% limit 6 * Br(¢—11) (pb)

- One input to search NN, along with lepton, tau kinematics
- Do not see any excess

-
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Multileptons final states: LHCE Toarr O
SUSY in Trileptons

Chargino Neutralino cascade decay
results in a signature of
(3 leptons or 2 leptons + track) and MET

Decays through W/Z favorable Decays through sleptons
for heavy sleptons, but BR to guarantee final leptons, but COF Run Il Prcllmlnary.det-!.o n'  Search for \ il {l_:
leptons low also preference to 7 —7 o

-~ Data

CDF includes isolated tracks to reconstruct some of the hadronic taus
The P; of the leptons can be really low (CDF considers leptons up to 5 GeV/c)

NEvents / 2 GeV
=)

® Selection (signal region):

- :
§ 30 ﬂ Chargino mass - - p,(15,10/5,5) GeV/c 1
g 200 r 113 GeV/c? — MET>20 GeV (DY and QCD rejection -
:é =% = Ni <1 and H, < 80 (top rejection)
= :: E — Z-mass veto (DY rejection) 0 20 40 00 B0 00 A g e (Gev)
100 — Dilepton Mass above 20 GeV/c?
woff | (QCD and resonance rejection)
bl i o o T ® Trilepton backgrounds: 11

p,(GeV/c) of three leptons — DY+fake, Z+y, diboson Similar cuts at DO



SUSY in Trileptons
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® Control regions in MET vs M,, phase-space

® Signal region is investigated only after
validating backgrounds in control
regions (a blind analysis)

® Good agreement with SM background

CDF Run Il Preliminary, £ = 2.0 fb!
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Search for {:lt \~g

LEP direct
limit ————— Theory o, ,xBR

Theory o, ,<BR Uncertainty
95% CL Upper Limit: expected
Expected Limit + 1o

Expected Limit+ 2o

95% CL Upper Limit: observed

mMSUGRA m,=60, tan(B)=3, A =0, (11)>0

M (x") > 140 GeV/c?at 95% CL

L L l I | L 1 l 1
130 140 150
Chargino Mass (GeV/c?)

LA [ I i L L I L

D@ Run Il Preliminary, 0.9-1.7 fb' -
MOE)=MGE)-2MGED): M>MG)
tanp=3, u>0, no slepton mixing E

—

= Observed Limit
------ Expected Limit

M () >145 GeV/c2 at 95% CL

MSugra inspired model
with no-slepton mixing

12

Charglno Mass (GeV)
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Multilepton final states: LHC Turre One
LED in ZZ

eeee final state

CDF Run II Preliminary, 1.1 o'

To maximize lepton identification efficiency isolated track electron § »|

candidates are considered and some of the most stringent ID <o
requirements for high P+ electrons are released. RN
High signal efficiency is obtained for RS Graviton model (40-60%) o]

Estimate background from

data ~ CDF Run II Preliminary, 1.1 fb"
+ Use low-mass eeee § 107 . e
events and events with CDF Run Tl Preliminary, 1.1 5" ro14
hadronic fakes, — L
extrapolate to signal — t
. Z - uu
region ey 10°
Y 3 ge:ng dijet pr > 40
M ats 10-3 | | |
600 800 1000
me;, (GeV)

Limit still above theory

200 400 600 800 1000
m.___ (GeV) 13

eeee



Multi leptons final states:
Doubly Charged Higgs

4 |leptons final state

;
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§\
+;\<
+
q 1

‘ > HYTH — = [Tt 1~
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q
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> HTTH™ — 11T 171~

> HYTH= — p*u*tetet

m(Hg)>97 GeV/c2 (LEP 2)
m(H;)>99 GeV/c? (LEP 2)

CDF 95% C.L.upper limit:

.......... BR(H"i»p‘t)z‘l 00%
BR(H™>e1)=100%

+m(H+L+)>1 12 GeV/c?
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Lepton+y final states: LHC Twwn On
Excited leptons

PR -1
CDF Run Il Preliminary ! L .dt = 200 pb
——CDFRun Il

Observation of excited states of quarks and O

95% C.L. Exclusion Region

leptons might confirm the hypothesis that they
are not elementary particles , but composite
states .

e

q

A ]

10 100 200 300 400
M,. (GeV)

At Tevatron, € /u* can be produced via contact interactions or gauge mediated interactions

M./ A

) ([ s p— « NoCl
.Q L 1 0'C|( me‘)(GM)- .
‘ : = Dm'o.._fb » »oc,EA=m%.)v) Interactions
. . . , . . . . 7 = V| —o0.(A=1Te
1l e & 10°r "o (A =3TeV
CDF Run Il Preliminary . (380 pb') GT) TEE:EMSTeV;
038} IL -dt =200 pb = DO Runll Pre|iminary LTAIS — D@ obs. I.im_il
ToF m,.> 618 GeV@ 95%CL| o | - gg . 'I:!"!_
0.6 g (A=1TeV) 1 v, COF obs. Iimit
95% C.L. . E> e 102 \ s
Exclusion Region ) FO 2 P
04} T10'ES b T
F 5 10: °© —
L= N N N
0.2| S 200 400 600 800 1000
8 m,. [GeV]
ot . 10°E8 [ A=1Tev
200 400 600 " S —— A=2 TeV 15
10‘{,,_ —a— A=4 TeV
F 4 | — Limit 95% CL)
108 T T rrl ST ST S B RRT RN |

200 400 600 800 1000
m“{GeV]
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Lepton+y+MET final states: Lﬂcrm"n'/w“f/
Wy and Zy

Test of gauge couplings (as predicted by the SM) and a window on new physics

u- or t-channel s-channel final-state radiation CI:DFI Ruln ,?] P rtlellmlmalry 2102I+pb
a ANNT 4 ,\/\/\\NZ q Y . I 'r % E - # 69 candidates
p - 3 [Jzn+mc 8o
q NN\ wz ¢ AVAVAY q o Vi Rﬁ W E
:
CDF Runll Preliminary 1/fb <
¢ q ;
2" - « Data 877 events . ! 1 3 E
g Wt 2, Y
2 o A“* ;w.‘;q C
§ I:]Z's” L
@ q ;
5 1 NON SM! Z 0 E
L T
3 0 10 20 30 40 50 60 70 80 90
5, photon E, (GeV
Now V-+y cross-sections well established, we are:
w0  optimizing sensitivity to anomalous coupling
and new physics -
10°

* testing the Standard Model in w
O 20 40 60 80 100 120 140 160 180 200 ways unique to the TeVatron | |
Photon E, (GeV) (e.g. observing RAZ in

‘ W vy production) 1

10 b




v+MET final states: LED
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Zy, Zvv
B Wo elwt—y
vy, losty

CDF Run Il Preliminary, 2.0 fb'

i a1 MY
40 60 80 100 120 140 160 180
Photon E; (GeV)

£ B Non-Collision
@ Wi/Zy, lost e/w/'t ]
12} — ADD n=4 m=0.8 TeV
c
o 10
> =
w T
16 A

CDF RunlI Preliminary, 2.0 fb—*
N LED |a (%) |0l b MPS GeV
2 72 |87 1080

3 72 847 1000

4 76 804 970

5 73 827 930

6 72 844900

>180

A Kaluza-Klein graviton is produced
in association with a photon. The
graviton escapes detection, leaving
a monophoton signature in the

detector
3
3 16
‘e D2 Run Il Preliminary 1.0 fb™'
» 14
[
o
a —o— Data: 29.00 events

150

Bl Z- 1 1212 events

B W - ev:3.75 events
Cosmics + halo: 2.78 events

Il 'tisidentified jets: 2.18 events
W+ 7. 1.54 events

— LED§ =4 M, - 836 GeV

250 300
Photon Py [GeV]

Number of extra

dimensions

95% CL Limit on
Fundamental
Mass Scale (Mp) (GeV)

884

864

836

820

797

IO | WIN

797 17

778




Diphotons:LED
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The search for new particles decaying to diphotons uses the RS
graviton model to express sensitivity to Kaluza-Klein graviton

resonances
Randall-Sundrum graviton model
4-dimensional metric multiplied by warp factor

The coupling of individual KK states to matter is set by the weak scale

KK states can be observed as spin 2 resonances

RS Graviton Searches, 95% C.L. Exclusion Regions

CDF Run Il Preliminary (345 pb™)
0.09 z 0.1y
20.09;
0.08 0.08f
0.07}
0.07 0.06;
0.05f
- 0.06 0.04;
= 0.03f
2 0.05 0.02f :
0910 300 400 500 600 700 800 900
004 Graviton mass M, (GeV)
Decay mode
0.03 demuon (200 pb -|
dwelectron (200 pb '
0.02 |
diphoton (345 pb )
0.01 SIS [T S T S TS TS U -
200 300 400 500 600 700

Graviton Mass (Gch:)

photon 41 R
- .3’\.-

graviton

antiproton

PRL 100, 091802 (2008)

Data

[ misidentified Events

Total Background

Total Background + Signal

DO 1 fb"’

—

Number of events/10 GeV
=

— —h
e e
N -

P ITETETITS SPTErErS PATATES ATATArAr ArarY FAre A el [
100 200 300 400 500 600 700 800 900 1000
M., (GeV)

18
Combined with dilepton searches



Diphoton+X
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Search for yy + X

Nominal high E; object identification and kinematic
selections are used.

The observed event counts is reported as well as SM
prediction for various kinematic distributions

Search for yy + X X = 'r Search for yy + X X = 'r

% - m &DF Run II Prellmlnary 2014 pb T Hi % 22 ‘ éDF Run II Prellmmary 2014 pb T H{
O 250 1 920 E
2] L m— Standard Model | 0 F == Standard Model
2] C — 1 818 E
= L 7 [ E ]
“or X — ] W4r 3
15[ - I 4 12 =

[ ] 10 E

10 . 8 3

C ] 6 E

51 . 4- E

r 2- E

Ol d 11 ianinialimiiatob i L] Qe by b T Dbl J

"0 10 20 30 40 50 60 70 80 90 10¢( 0 5 10 15 20 25 30 35 40 45 50

Tau Et (GeV) Missing Et (GeV)

Data driven bkg estimate
(fake )

Good agreement between data and SM predictions

+___CDF Run Il Preliminary 1015-1100 pb‘1

Events per 20 GeV
N
(@)]

N

Events/10 GeV/c?
eI I

—

- Continue to add objects in YY+X Search

ot
w o

-
TTTTTT

0.5

x vy + e Search

% W —e- Data

- Fakeyore

Ht [GeV]

Search for Ty + X, X =Y

It
CDF Run II Prellmlnary 1155 pb

LB .
go 40 60 80 100 120 140 160 180 200

= Standard Model ]

3y Mass (GeV/c?)

19
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diphoton + MET: GMSB SUSY

|

pp —( X =) %% x% 2y +E;

SM + signal A=75 TeV
SM + signal A=90 TeV

[ QCD - fake photon
[]acD - vy

.

Ei>13 GeV, n'|<1.0 3

-
o

2 10’ D2 1.11b" * data
> o n
3 - CDF It Data (202 pb ). © 10° B W/Zeyy
g [ Non-Collision g .l.cl::lnt;ms-lD
& ey 2 - jetm
3 $
T w
(T

. 20l e
Neutralino Mass (GeV/c") 10"
80 90 100 110 120
1 I T
10 20 30 40 50 60 70 80 90 100 1F ggFggz ptl:; GMSB yy+E; E 0 20 40 60 80 100 120 140 160 180 200
Missing E, (GeV) = I Sp PROSPINOLO ] Missing E_(GeV)
o —— PROSPINO NLO
—_— M=pA ] —
= N= g C DZ1.1fo" — NLO cross-section
~ tanp=15 o | — observed limit
E H> i . @xpected limit
x1o“_— 102 B expected limit + 10
o) C - expected limit + 2 ¢
Neutrallno Mass (GeV) —© . |
60 100 11o 120 - v -
LT l l l " 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 -
[ CDF Run 1l Preliminary (202 pb’) 3 140 160 180 200 2220
Neutralino NLSP in thellyy + &, channel : Charqino Mass (Gev/c ) 10 L 100 120 140
= ) o m . [GeV]
Q. 1E - C ! 1 ! 1 ol
; 'E = C 180 200 220 = 240 260
] .[G
(aa] 95% C.L limit 1 i ml‘[ "
> L I B ) e T T R Loaaalaaaalaaaal,,,
© o 70 75 80 85 90 95 100 105 110
A (TeV)
100 120 140 160 180 200 220

Chargino Mass (GeV)



Adding jets and flavor tagging
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Jets and Heavy Flavor

Hadronic jets are reconstructed using several algorithms:

Cone,Midpoint, KT etc..

Measured jet energies are corrected to scale them back to the final state particle level
jet . Additionally there are corrections to associate the measured jet energy to the
parent parton energy, so that direct comparison to the theory can be made. Currently
the jet energy scale is the major source of uncertainty in the measurement of the top
quark mass and inclusive jet cross section

B-jet identification is implemented via:
-displaced vertices with L, /o cut (CDF)
-Vertex mass separation (CDF)
-combining vertex properties and displaced track info with NN (D0)

'Tag tO n beyond 2 und:fr{_(_’ing,
Tagger event
- —+ NN
s _r —+ JLIP .
Jet 3 700 — 06 SecVix Tag Efficiency for Top b-Jets
- e > ol C
. =R - & Tight SecVix
Displaced tracks £ r = . [0 3
W 60 —— 2 05 Loose SecVix
i; - ( ] o 04F
A C e g
Decay lifetime %’ SO AT - T B 3
Ly -~ econdary vertex L 03[
2 L Hle7 = s
Primary vertex _ =/ 40 02fF
0 { C o Top MC scaled to match data
'/;o\ v - "F Only b-jets with E;>15 GeV
Ca o o b oo ol oo b ol aaloaalaansl | |

I p_>15and 0 <M <2.5 | el e TN
| | I T | | 0 02 04 06 08 1 12 14 16 18 2

05 1 15 2 25 3 35 4 45 jetn
Fake Rate (%)

w
T
[

Prompt tracks

o



Dijets final state: mass bumps
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(Data - Fit) / Fit

* Choose events with two high-

P, jets with rapidity less than

1.0. Look for an excess in the

dijet mass spectrum for

masses above 180 GeV

* Possible signals include

excited quarks, W', Z', and
Randall-Sundrum gravitons

* Find functional form of of dijet
spectrum in pythia and herwig,
fit to data. Look for “bumps” in

the data minus fit plot

1.2
1 E_ 00
08 002 » B »
06 20 ® e _ .-
04 0045560 W0 500 60 70 |
0.2)- |
0 :——m..—.—.—.—’—.—‘—.——'—:‘:—.——————*—’ = -
02 | * i
QA f=s L .

Another mass bump hunt...

do / dMjj [pb/(GeV/ic?)]

CDF Run II Preliminary, 1.13 b

16.16 /17
0.5127

%* / ndf
Prob

— PRI S
800 1000 1200

P N
14002
MH [GeVicT]

* No significant resonant structure is observed, so limits are set
on various models
* Excludes (at 95% CL) excited quarks from 260-870 GeV, W'
from 280-840 GeV, and Z' from 320-740 GeV

A
ou

x Br x Acceptance (ly’*""?|<1) (pb)

CDF Run II Prelimi

CDF Run II Prelimi

y, L13fb"

y, L13fb"

£
=)
W

=
o
™
m

~——e— 95% CL limits (for R-S G. Technirho)

——o—— 95% CL limits (for the others)

I<1) (pb),
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Single jet + MET: LED

Simona Rolli - Tufts University

Mono-jet channel where a jet recoils
against the graviton which leaves
the usual 3D dimension.

-

| | | | |

1.6kenmnnnaenn. CDF Run Il Preliminary
% _ W COF Jet/y +§;
t 14 — CDF y +¥; (20fb)
= B COF Jet + &, (1.1fb)
= ---- LEP Combined
5 1.2 - -
| .
(1)
S
o
-

0
S 08

2 3 4 5 6
Number of Extra Dimensions

'lllll

Events / 10 GeV

—
ha

—
M

——— Data
—— SM Prediction
——— SM + LED (n=2,Mp=1TeV)

CDF Il Preliminary (1.0 fb'1)

150 200 250 300 350 400
Missing E; (GeV)
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PHENO 2008 sYMPOSIUM

MET + Jets: LHC Turn O
SUSY squarks and gluinos

!

Result: 2 jets and MET Result: 4 jets and MET Result: 3 jets and MET
2 Although the production is strong, the analyses are challenging
due to QCD-multijet and W/Z+jet backgrounds Lepton veto
@Solution: break-down analyses in jet-multiplicity bins and A¢ jet-MET
optimize separately (using MET and HT<—Sum of jet E;) QCD bckg from
low MET data

~ CDFRun Il Preliminary, £ = 2.0 fb'*

HT cut | MET cut Bckg. | DATA
(GeV) (GeV)

(hep-ex/0712.3805, PLB 660, 449 (2008})

HT cut | MET cut
GeV) (Gev)

Dijet 165,100 16+5
Dijet 35,35 11+1+3/-2 11 Trijet 330 120 140,100,25 3712 38
Trijet 375 175 35,35,35 11£1+3/-2 9 4-jet 280 90 95,55,55,25 48+17 45

4-jet 400 100 35,35,35,20 18+1+6/-3 20 25



SUSY in MET + jets

PHENO 2008 sYMPOSIUM

LFC Turn Onv

Simona Rolli - Tufts University

Nlﬂ >3 MET>120 HT>330 CDF Run Il Preliminary

wk — omtzonh 600 CDF Run ii Preliminary
Tr| jet Analysis— cco. oo
non QCD Bkg
3 10' = Total Syst. Uncertainty
i —— Big +Sig. M = 249 GeV/c®
8 ! M, = 270 GeV/c*
g 10? ’ ?
2 F
° b |
; 400
0SS jo0 S0 200 250 300 3%0 o
missing-E;[GeV] 0o
>
8300
S—
> K o
8 10° (b) DDG L=2.1fb =
= = SM Background 200
Ny CJFitted QCD
8
[ =
2 10
w
1
10_‘ ----- E o

0 100 200 300
0 50 100 150 200 250 300 350 400 450 500
E, (GeV) M- (GeVic?)

L=2.0 fb™

) cbserved limit 95% C.L.

LA .lmd "M '
A =0, tan)=5, <0 - Py

| L LI LI

crcccc e .-

no mSUGRA
solution

DO, L=2.1fb" | u
tani=3, A =0,u<0 | -

m\\%&x\\\m

200 300 400 500
Gluino Mass (GeV)

400 500  60C



PHENO 2008 SsYMPOSIUM

Jets+MET final state

Inv

The analysis is a counting experiment examining two different kinematic
regions (each region being more sensitive to different models).
Cuts are not optimized for a specific model.

LA
. MET
Main backgrounds:
-Z — v v + jets (irreducible background)
-W — [v + jets (with charged lepton lost)
—Residual QCD and non-collision backgrounds. 1001
— . . 80[ :
Leptoquark models Data driven extrapolation -
L Q pairs, each decaying to 125 225 o
quark and neutrino. Background 125/80 2251100
— MSSM (non-mSUGRA, R-parity fv o :;:;:192 75‘; ‘82
conserved) —= - =
. . W — uv 399 + 25 335
*Squark pairs, each decaying to W ev 256 = 16 1422
quark and neutralino. Z i 20:4 2:0
QCD 49 + 30 9+9
y + jets 55+ 13 5:+3
top 74 +9 1M1:2
non-collision 44 1+1
Total 2312 + 140 196 + 29
Observed 2506 186 27




HF final states:
sbottom from gluinos

PHENO 2008 SsYMPOSIUM

LFC Turn Onv

Simona Rolli - Tufts University

If the sbottom is significantly
lighter than the other squarks,
the two body decay of gluino
into bottom/sbottom is
kinematically allowed

The analysis is optimized for 2 points
in the SUSY parameter space:

Large Am between § and b

M(g) = 320 GeV/c?, M(b) = 250 GeV/c?, M(§) = 60 GeV/c?

Small Am between § and b

M(g) = 300 GeV/c?, M(b) = 280 GeV/c?, M(%) = 60 GeV/c?

CDF Run Il Preliminary j‘uﬂﬂ 781" CDF Run Il Preliminary ILdt=1 78fb

« CDF Data
[ EWK Bosons
JTop
[ Mistags
[@ Inclusive Multijets
~— Excluded Signal

12}
<
c
« CDF Data o
>
u
z

N-Events

0 50 100 150 200 250 300 350 400 450 500
MET (GeV) 0 50 100 150 200 250 300 350 400 450 500

MET (GeV)

N
O
o

N
o
o

150

100

The sbottom decays into a
bottom and LSP, giving

rise to a final state with 4
b-jets and missing energy

CDF Run Il Preliminary det=1.78 fo

| ESNENEE

=== Observed 95% CL limit

M(3) = 60 GeV/c?
M(G) = 500 GeV/c?

D@ Run 11310 pb™
Pair {
Excluded Limit

CDF Run | excluded
l A A A L l . l

200 250

300 350 400

Gluino Mass (GeV/c?) 28
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LFC Turn One

StOp searches

Light stop and sbottom D@ Runll Preliminary

production and decay Elook
Stops to charm g

— Exactly 2 jets (reduction of 80
QCD)

— Jet pt cuts (20,40 GeV/c) and 601
angular separation of jets
(reduces QCD and W+jets)

— Angle between jets and met 40
(reduction of QCD) [

— Flavor tagging using Neural
Network (impact parameter, 20

o secondary vertex information)
Other option is that stop Exclusion: stop mass <149 GeV/c? for

does not decay in the neutralino mass of 63 GeV/c?
detector (CHAMP)

©o v LEP O = 56"
LEP B = 0"
COF Runl!
D¢ Runl

w2 Runil 360

CDF Run 2 Preliminary

10
E - Stop production cross section (NLO)

® Slow particle signature : slowly-moving

A Expected Cross tion limit from central

highly-ionizing highly-penetrating particle 2
c o
- Will look like muon with possible 2 43 ‘ IL dt = 1.03 fb’
calorimetry energy deposition &
"
[
<
® Goal: Measure Time of Flight mass of tracks S

29

2 1 | PSS Ll PRI R A
Stable stop mass > 250 GeV/c? at 95% CL P P I F T
Stop Mass (GeV/c?)



Heavy flavor final states:

W'— tb

PHENO 2008 SsYMPOSIUM

LFHC Turn Onv

Simona Rolli - Tufts University

q t
e
q b

Search for resonant th(+cc)
pair production

In W+2 jets and +3 jets
channels (semileptonic W),
look for unexpected structure
in M(Wijj)

95% C.L. Observed Limit - CDF Run Il Preliminary: 1.9 fb'

1.6 e S FE R R [ —— Expected Limit

: : {| 1 + 16 Expected Limit
: : : —e— Observed Limit
1200 R R T W W T SMWEMWY) > M(v) |

o xBRW'= tb (pb)

1N
»

O:il|||i|l||i||||i||||i||||:

== sMw: MW) < M)

T T

|
300 400 500 600 700 800
W' Mass (GeV)

COF Run |l Praliminary, L=1.g f5' B single Top
[(Monte Carle Scaled to Data) [ ttbar
3.Jets 1 Tag [ Mistag=Morw
[CJw+c liks
80 Wb like
—— Dizta
— Sys Uncert
w 5T
=
s
S ol
a0k
o] 100 200 300 400 500 600 F00
KS: 83.7%

Chiz’'DoF: 15717 52.7%

My, (GeVic?)

Extra W gauge boson decaying into ev

3
%

3

G wxB(W-—ev) [fb]

10
D@, 11b"

=== Theory (NNLO)

95% CL Limit )

2 Do 1" i dam (a)
observed 8 B oo TR

ted © [ Qco (from data)

expec e E 103 - other (PYTHIA 6.323)

5 .. m,, =500 GeV
excluded (Run 1) S My = 1100 GeV (x200)

my, > 1.00 TeV RE
at 95% CL 0
1

500 600 700 800

¥ —
900 1000 1100 1200

m,, [GeV]
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HF final states: ¢—Dbb

- . T T -tetev ] Inclusive H — bb is too hard due to QCD background
- b quark p; >20 GeV/c, |n|<2 tamp =40 3
10;—- ‘ ’ 1 togen. Higgs = 0b’s _;
2 e S TR ——— 1
CF 1 é_ “Fony - I‘,l—é 4)0
< Hhiges+2b's ]
S T T S § [ RS § & S T B 1 1;_;0
M, (GeV) . oy . .
Require one additional bottom quark jet besides the two
o from Higgs decay
800~ D@ Run II Preliminary “3b” channel best compromise between signal and background rates
7002 5 - dat CDF Run Il Preliminary (1.9/fb)
g i s % W bbb
6005 —— bckg from data % 800 : Eb:
- - . Ci
500E i# signal ,E‘D_’ 500 B bab
400: ________ bckg from data+signal \ﬁ 400 @ 200 95% C.L. upper limits CDF Run Il Preliminary (1.9/fb)
F - c
(]| ] S S s o 5 300 8 180
B > ? 160
200¢ 4 200 :::
1003 .............................................. 100 100
E A..... T T A 80 -
%50 100 150 200 250 300 350 400 450 500 R R T o Sxpected limit
mo01 (GeV) m1z(GeV/c2) 40 = m, ™ scenario, = -200 GeV BEE 20 band
0 Higgs width included ——  observed limit
0...I...I...I...I...I.
5 1 100 120 140 160 180 200
Search uses invariant mass of Search in mass of two lead jets m,, ma (GeV/c?)

the two leading jets m,, in No excess observed
triple-tagged events 31

No excess observed
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LFHC Turn Onv
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More complex signatures: leptoquarks

9.9 q
LQ .-
g e < e,
Leptoquarks (LQ) are hypothetical particles _4 q
which appear in many SM extensions to L ‘<
explain symmetry between leptons and 94 e
quarks
— SU(5) GUT model 1% Generation 2" Generation 3" Generation
— superstring-inspired models — _ - _ -
—  ‘colour SU(4) Pati-Salam model LQLQ—eerqq | LQLQ-pqq | LQLA-TTqq
- compgsite models LQ LQ—etv,qq,  LQLQ-piv,qq LQLQ-tvaq
— Technicolor
They couple to leptons and quarks of the LQLQ-v,v.qq LQ Iﬁ—wuvuqa LQ LQ-v,v.qq
same generation
— Decay is governed by Br(LQ—ql)
Signature
LQ LQ — llgg 2 leptons+2jets BR = B2

LQ LQ — Ivqg 1 lepton+MET+2jets BR = 26 (1-p)
LQ LQ — wvvqq MET+2jets BR = (1-[:‘5)232



Leptoquark Results
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LFHC Turn Onv
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Signature: dilepton + jets, lepton + jets + MET, MET + jets

Analysis: counting experiment

A series of cuts is applied in sequence with the goal of
reducing the background (W/Z + jets and top)
enhancing the signal retention

Cuts are optimized to give the maximum S/B

Final number of events are compared with SM expectation

No excess -> limits on production cross section

Search For First Generation Scalar Leptoquarks

i CDFRun Il Preliminary,203pb™
A A A SR
100 120 140 160 180 200 220 240

Leptoquark Mass (GthZc )

1

09

08

07

06

05

04

Search For Second Generation Scalar Leptoquarks

CDF Run Il Preliminary,198pb "

100 120 140 160 180 200 220
Leptoquark Mass (G eVch)

240

pry
o

95% CL ox B2 [pb]

10"

CDF Run II Preliminaryl (922 pl.jlb)

= 10’ :
R LT GR@PPA+PYTHIA Monte Carlo__ 3
- F Theory:uncertainty {(+ \o2,e + 62, )]
= [ —e— Measured 95% C.L. Limit b
cd 10E

o E

o

(¢}

- 1k

>

1 X
e [ T

210 v

o

107 150 200 250 300 350 400

Vector LQ3 mass (GeVIcz)

—— 3 =:=:@: == exp.limits (single- and double-tags combined)

~———e—— obs. limits (single- and double-tags combined)

NLO cross section (B=1)

|:| Error band (B=1)

.. lower edge of error band (B=1-0. 5‘F§p)

DO preliminary..........

180 GeV
L " 187 GeV,

Pl ©
L=1.05 fb” I
920 140 160 180

NI 195:G4)

00320
LQ3 Mass [GeV]

33



PHENO 2008 SsYMPOSIUM

More complex signatures: LHC T On
v+b+jets+MET

A handful of exotic processes would "

give rise to a flngl state signature / " Low energy SUSY
comprising y+b+jets+MET g with radiative decay
Many anomalies could be reduced / - ofthe neutralino

to detector mis-measurements.

yal
CDF Run Il Preliminary 2.0 fo YbjE; Search

> o CDF Run Il Preliminary 2.0 ' ybjE; Search
H 4 h ® Data
Selection: A ™ 1 e
One high E; photon 3 ™ = : B
c .- &
22] ; - f
2 JetS . @ 10 B » | ) I%
2 1 tagged Jet 10-1‘ II‘%; ’ %2 70.- 510 1(1)0 1516 260 250 SOOET(‘/s)é?Ge\??O E !
24 7
Large MET (> 25 GeV)

Topological cuts

Source Number N CDF Run Il Preliminary 2.0fb"  ybj§, Search
Main background /b 291 + 7 (stat.) + 50 (syst.) S ¢ =
(fro m data and M C) ye 92 + 25 (stat.) + 45 (syst.) (R'.j 0
Rake ;” = 141 £ 6 (stat.) * 30 (syst.) 2 1
ool 2 B Fake y 113 £ 49 (stat.) + 54 (syst.) :
Real b-tag c D Total 637 + 54 (stat.) + 128 (syst.) o 34
Data 617 0 ‘500 Mb?f[)OG ew?c
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LFHC Turn Onv
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The results presented are by far not exhaustive
Even when a signature-based approach is advocated, results are presented in the end as a

function of specific models (typical case dilepton searches, high Py Z's etc)

And when the result is presented as a testing of a model, there is always a check on control

regions, defined by their signature...

So, what is all this fuss about model-based and signature-based approaches ?
| believe that both are to be pursued in a balanced way: both have their pros and cons:

— A) Traditional model driven analyses

pick a favorite theoretical model ® might become soon outdated!
pick a process, choose the best signature(s): optimize selection acceptances based on signal MC
calculate the background © best optimization!

evaluate the limit or discovery your signal © in timely fashion allows theory testing!

— B) Signature based approach

pick a specific signature ( i.e. diphoton+X) © open to a whole lot of models!

define your sample in terms of known processes ® Not the best optmization !

publish estimates of acceptances & cross section information useful for theorists ..but how
much?? Detector effects are detector specific or we would all be using PGS! ;-)

see an excess? Inconsistency with SM? Test one or more models later ...(but the experiments
will never release a controversial results for theorists to interpret, this is just sociology 101)

Quero-like access to the data? Is the astrophysical model suitable for HEP?

35
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LFHC Turn Onv

Global Searches

The goal is to perform a model-independent global search of high P+ data:
-study bulk features of high P data;
-search for resonances invariant mass distributions
-search for significant excesses at high sum-p-

€

Physics objects are categorized
and events selected and
partitioned into ~400 exclusive
final states

Pythia and MadEvent are used to implement the SM
theoretical prediction (CdfSim emulates the detector
response)

Many correction factors are used to obtain the true SM
predictions (shouldn’t a global search work globally?)

theory k-factors etc
experimental efficiencies and Scale Factors, fake rates etc
36
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LFHC Turn Onv

Global Searches

Shape Discrepancies:

Most shape discrepancies caused by difficulty in modeling soft jet emission
No claim of new physics can be motivated by such discrepancies

Bump Hunter:

The significance is estimated via pseudo-experiments

The only discovery level bump found is still to be attributed to the same bad
modeling of QCD soft radiation

Excess of data at high sum-p;

A few final states gives some excess but only ~8% of hypothetical CDF
experiments are expected to give a more interesting excess purely by chance

- . . . |
VI E I CDF Run Il Preliminary (2.0 fb ) + CDF Run Il Preliminary (2.0 fb )
e n P =0.0042 e H ) P20,

0.00055
2 F e un Il dat £ 30 5‘\ o
$ 6] == pawr Wy 39 Significance § T su=26 [ Significance
w FI WTL‘;A») 9.9 f thi ; : u [ of this region
E, 14 _j g dEvent W(—v)| (») 18 region | ; 25: -
3 -] !
E 12 : E
= 2 20
10— r F
F “F 15/ e
8 [ I
6 = 10/ -. .
) s s O
F — I 1 |
2= ; | E Lh!_h . —_— (R IE)
L 0
% 1 % 200 [a00 600 800 1000 1200 0 50| 100 150 200 . 250
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Concglusions

Many ting results arg_currently produced at-thg,Tevatron!
,A!':J-.-l placeef interest!
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